PURPOSE. The purpose of this study was to compare the histologic features and cytokine profiles of experimental autoimmune uveitis (EAU) and a primed mycobacterial uveitis (PMU) model in rats.
O cular inflammatory diseases (collectively considered uveitis) carry a high risk of vision loss and are estimated to cause 10%-15% of blindness in the United States. [1] [2] [3] In order to understand the pathogenesis of uveitic disease, a number of animal models, including experimental autoimmune uveitis (EAU), endotoxin-induced uveitis (EIU), experimental autoimmune anterior uveitis, and many others, have been developed over the last 50 years. 4 These models each recapitulate a subset of uveitic conditions; however, no single model recapitulates all forms of human uveitis effectively. Experimental autoimmune uveitis has been the most extensively studied and is the primary model system from which the known mechanisms of ocular inflammation have been elucidated. 5 However, efforts to develop therapeutics based on predicted results from EAU models in rodents have not consistently translated to success in humans. 6 Thus, it may be advantageous to screen potential therapeutic agents through multiple animal models, representing diverse mechanisms of ocular inflammatory disease.
Currently, the only Food and Drug Administration-approved agents specifically approved for treatment of uveitis are intraocular corticosteroids. Two such local treatments are the implantable fluocinolone acetonide device (Retisert; Bausch þ Lomb, Rochester, NY, USA) and the sustained release dexamethasone implant (Ozurdex; Allergan, Irvine, CA, USA). Both devices were initially tested in animals using an experimental mycobacterial model of uveitis in rabbits. Efficacy in this model was associated with ultimate efficacy in treatment of human disease. [7] [8] [9] [10] [11] [12] In this model, rabbits are immunized with a subcutaneous killed mycobacterial extract followed by injection of small amounts of this extract into the vitreous cavity. This produces a robust, acute inflammatory response that can recapitulate chronic inflammation with repeated intraocular injections. 9, 13 Although this model was used to demonstrate efficacy of time release intravitreal corticosteroids in rabbits, its mechanisms have not been well characterized. Additionally, the model, to date, has been utilized only in rabbits. Ideally, this model would be portable to other species such as rat or mouse, where study of its mechanisms would be aided by superior tools (including genetic mutants and a wider range of reagents) available in these species.
We adapted this model to the rat and renamed it primed mycobacterial uveitis (PMU). Unlike EAU, which is a canonical autoimmune-mediated uveitis model relying on the adaptive immune system, the mechanism of PMU is expected to rely on both innate and adaptive immune responses to mycobacterial extract. Here we outline the experimental protocol, describe clinical and histopathologic findings of PMU in the rat, and provide a cytokine comparison with the established EAU rat model. The results suggest that PMU and EAU in rats produce distinct models of uveitis with overlapping but unique cytokine responses. Several cytokines are elevated in both models, suggesting they may be good targets for diverse forms of uveitis.
METHODS

Animals and Induction of Uveitis
The animal study protocol was approved by the Animal Care and Use Committee of the University of Washington (animal study protocol 4184-04) and was compliant with the ARVO Statement for the Use of Animals in Ophthalmic and Vision Research. All efforts were made to minimize pain and distress in the experimental animals.
Female Lewis rats were purchased from Charles River (Hollister, CA, USA) or Taconic Farms (Oxnard, CA, USA). Induction of PMU in Lewis rats was initiated with a systemic priming consisting of a subcutaneous injection in the right hind flank of 100 lg mycobacterium tuberculosis H37Ra antigen (Difco Laboratories, Detroit, MI, USA) in 0.1 mL 50% peanut oil and 50% PBS suspension. Seven days later, both eyes were injected with 3.75 lg mycobacterium tuberculosis H37Ra antigen suspended in PBS by sonication in a 5-lL volume. For cytokine analysis, animals termed naïve received the PMU subcutaneous prime but not the intravitreal injection. Animals termed EAU naïve were untreated at the time of vitreous collection.
Induction of EAU in Lewis rats was initiated with a subcutaneously injection of 30 lg synthetic bovine interphotoreceptor retinoid-binding protein (IRBP) peptide (residue sequence ADGSSWEGVGVVPDV) in complete Freund's adjuvant (2.5 mg/mL mycobacterium) in the right hind flank.
Clinical Evaluation, Histology, and Immunohistochemistry
For all clinical evaluations (external examinations and color photography), animals were anesthetized with inhaled 5% isoflurane and photographed using a macrophotography system with collinear light source.
For histology, four eyes from two animals were harvested at each time point, placed in 4% paraformaldehyde for 48 hours, and then embedded in paraffin blocks. Four-to 6-lm sections were stained with hematoxylin and eosin. For immunohistochemistry, serial sections were stained with 1:100 mouse antirat CD68 (AbD Serotec, Kidlington, UK), 1:400 rabbit antihuman CD3 (DAKO, Carpinteria, CA, USA), and 1:200 mouse FIGURE 1. Induction of PMU and EAU in rats. For PMU, a subcutaneous ''systemic prime'' of killed mycobacterium tuberculosis H37Ra is given on day À7. On day 0, uveitis is induced with an intravitreal injection of the killed mycobacterium extract in PBS. Ocular inflammation peaks on day 2 and resolves spontaneously by day 14. Experimental autoimmune uveitis is induced by immunization with IRBP peptide (ADGSSWEGVGVVPDV) in complete Freund's adjuvant on day 0. Ocular inflammation peaks on day 14 and spontaneously resolves on day 21. Ocular inflammation was assessed on days 2, 7, and 14 for PMU and days 2, 7, 14, and 21 for EAU. Naïve samples were collected from animals at day 0 in both models (*PMU Naïve; ‡EAU naïve). anti-human CD20 (AbD Serotec). Sections were deparafinized with three 5-minute washes of xylene and rehydrated with ethanol diluted in water (100%-75%) and then washed in 13 PBS for 5 minutes. Antigen retrieval was performed using citrate buffer pH6 (buffer HEIR L; Thermo Fisher Scientific, Waltham, MA, USA) for 30 minutes in a pressure cooker. Samples were blocked with PBS plus 2.5% horse serum for 30 minutes at room temperature and then incubated with primary antibodies overnight at 48C. Primary antibodies were removed, and samples were washed with 13 PBS three times for 10 minutes each. Secondary antibody conjugated to horseradish peroxidase (ImmPress; Vector Labs, Burlingame, CA, USA) was added and incubated for 60 minutes at room temperature. Samples were washed with 13 PBS for 10 minutes twice, and 3,3 0 -diaminobenzidine (DAB) solution was added until color reaction was detected by light microscopy (1-3 minutes). Slides were washed with water and then counterstained with hematoxylin.
Cytokine Analysis
Samples were tested using the Milliplex MAP rat cytokine/ chemokine premixed 27 plex immunology multiplex assay (Millipore, Billerica, MA, USA). The aqueous and vitreous levels of 27 cytokines were measured. The cytokines measured were granulocyte-colony stimulating factor (G-CSF), eotaxin, granulocyte monocyte-colony stimulating factor (GM-CSF), IL-1a, macrophage inflammatory protein-1a (MIP-1a), IL-2, epidermal growth factor (EGF), IL-13, IL12p70, IL-5, monocyte chemoattractant protein-1 (MCP-1), IFN-c-induced protein 10 (IP-10), fractalkine, lipopolysaccharide-induced CXC chemokine (LIX), MIP-2, leptin, IL-4, IL-6, IL-10, IFN-c, IL-17A, Il-18, growth-related oncogene/keratinocyte chemokine (GRO/KC), VEGF, TNF-a, and regulated on activation, normal T cell expressed and secreted (RANTES). From individual eyes, aqueous was aspirated and protease inhibitor added. The vitreous was separated from the retina, diluted in 150 lL PBS and 13 protease inhibitor (SigmaAldrich, St. Louis, MO, USA), and homogenized. The sample was spun down for 1 minute at 10,000g, and supernatant was collected. All samples were stored at À808C prior to testing. Prior to analysis, aqueous and vitreous samples were diluted (1:1) in RIPA buffer (RIPA, PMSF, PIC) according to the manufacturer's protocol. Samples were analyzed using the MAGPIC system (Luminex, Austin, TX, USA) with xPonent software version 4.2 (Millipore). Samples with calculated concentrations below the lowest limit of detection were given a value of the lowest limit of detection for statistical analysis. Data analysis was performed using Milliplex Analyst Standard Version 5.1 software (Millipore). All cytokine data are presented as median fluorescence intensity (MFI) without conversion to concentration in order to decrease induced error. Twenty-seven proinflammatory cytokines were analyzed for induction in the aqueous of PMU and EAU eyes. Cytokines are arranged by the decreasing fold induction in PMU over naïve. Results given as mean MFI 6 SD. Cytokines were considered induced if they demonstrated ‡1.5-fold induction over naïve (bold). Seven cytokines were induced in PMU, and 12 were induced in EAU.
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* P < 0.001, significant induction over naïve. † P < 0.05, significant induction over naïve.
Statistical Analysis
Change from naïve mean MFI was analyzed using a 1-way ANOVA model with a 1-step Sidak correction for multiple comparisons. Prior to ANOVA analysis, outliers with a z score >2 or 2 were removed from the calculation of the mean. 15 Between-group comparisons were performed in a pairwise fashion using either a Bonferroni or Games-Howell test. Post hoc analysis was performed only for groups with a significant variance detected by ANOVA. P < 0.05 was considered statistically significant. 
RESULTS
Clinical and Histologic Disease Activity in the PMU Rat Model
Primed mycobacterial uveitis in the rat is initiated with a subcutaneous injection of a 100-lg suspension of mycobacterium tuberculosis H37Ra antigen in oil, followed 7 days later by an intravitreal injection of 3.75 lg mycobacterium tuberculosis H37Ra antigen in PBS (Fig. 1) . A robust anterior inflammatory response is seen starting 2 days after intraocular injection. Clinically, the inflammation can be detected by the formation of a pupillary membrane and engorgement of the corneal vasculature (Figs. 2B, 2C ). Using hematoxylin and eosin staining, inflammatory cells are seen to infiltrate the anterior chamber, vitreous, and surround the ciliary processes (Fig. 2) . Granulomatous inflammation was identified on the iris ( Fig. 2A) and subconjunctivally at the site of intravitreal injection (data not shown). Inflammation resolves (as assessed by histology) by day 14 without apparent permanent sequelae.
Immunohistochemistry was performed to identify the inflammatory cell types (Figs. 2D-L) . CD68 þ macrophages are the predominant inflammatory cells present at peak inflammation, along with substantial numbers of CD3 þ T lymphocytes, whereas CD20 þ B cells are rarely seen. In contrast to EAU, neither choroidal infiltration nor retinal inflammation with loss of photoreceptors was observed.
Peak Cytokine and Chemokine Analysis in PMU and EAU
Aqueous and vitreous were collected on the day of peak inflammation from PMU (day 2) and EAU (day 14) for analysis of 27 cytokines using the Luminex multiplex analysis. In the aqueous of PMU eyes, five cytokines were induced ‡1.5-fold over baseline levels (Table 1; Fig. 3 ). Two of these cytokines, CXCL10 and leptin, were significantly induced compared with naïve eyes. CXCL10 and IL-1b were the most highly-induced cytokines in PMU aqueous, with 9.7-fold (P ¼ 0.002) and 7.3-fold (P ¼ 0.07) induction over baseline, respectively. Other induced proinflammatory cytokines in PMU aqueous were IL-18 (2.6-fold, P ¼ 0.15), IL-6 (2.1-fold, P ¼ 0.13), leptin (1.8-fold, P < 0.001), GRO/KC (1.5-fold, P ¼ 0.08), and VEGF (1.5-fold, P ¼ 0.75).
In the aqueous from EAU, 12 cytokines were induced, and all were significantly elevated above naïve (Table 1; Fig. 3 ). Similar to PMU, CXCL10 was highly induced (98.3-fold, P < 0.001). Additional similarities with PMU included IL-1b (11.3-fold, P < 0.001), IL-18 (4.3-fold, P ¼ 0.002), and leptin (3.7-fold, P < 0.001). Proinflammatory cytokines that were significantly induced in EAU but not in PMU included RANTES (104-fold, P < 0.001), LIX (22.8-fold, P ¼ 0.002), GRO/KC (8.2-fold, P < 0.001), VEGF (7.3-fold, P < 0.001), MCP-1 (6.3-fold, P ¼ 0.003), MIP-1a (5.8-fold, P < 0.001), IL-17A (4.6-fold, P < 0.001), IL-18 (4.3-fold, P ¼ 0.002), and IL-10 (1.8-fold, P < 0.001).
In the vitreous of both models, GRO/KC, CXCL10, RANTES, MIP-1a, and IL-18 were all significantly induced (Tables 2, 3 ; Fig. 4) . CXCL10 was the most highly induced cytokine in EAU Twenty-seven proinflammatory cytokines were analyzed for induction in the vitreous of PMU eyes. Cytokines are arranged by decreasing fold induction over PMU naïve. Results given as mean MFI 6 SD. Cytokines were considered induced if they demonstrated ‡1.5-fold induction over naïve (bold). * P < 0.05, significant induction over naïve. † P < 0.001, significant induction over naïve.
(43.7-fold, P < 0.001) and the most significantly induced cytokine in PMU (10.8-fold, P < 0.001). GRO/KC had the highest fold induction in PMU (12.4-fold, P ¼ 0.003) and was similarly induced in EAU (12.5-fold, P ¼ 0.001). Overall, induced cytokine levels were higher in EAU than in PMU, except for MIP-1a (PMU, 11.3-fold versus EAU, 2.1-fold, P ¼ 0.05) and IL-1a (PMU, 1.9-fold versus EAU, 1.4-fold, P ¼ 0.03). Interleukin-17A was only significantly induced in EAU (2.1-fold, P ¼ 0.01).
Cytokine Time Course in PMU and EAU
Cytokines that function as key mediators of the clinical manifestations inflammation would be expected to demonstrate peak levels on day 2 in PMU and day 14 in EAU. To determine which cytokines display this pattern of expression, cytokine levels were assessed from aqueous and vitreous samples taken from eyes on days 2, 7, and 14 for PMU and 2, 7, 14, and 21 for EAU. In the aqueous (Fig. 5 ) and the vitreous (Fig. 6 ), cytokines that were induced during inflammation exhibited the expected monophasic increase in concentration concordant with the day of peak clinical inflammation. Aqueous GRO/KC in EAU was the only exception demonstrating an early elevation at day 2 that was sustained through day 14 before declining to baseline levels by day 21. In the vitreous, GRO/KC, CXCL10, RANTES, MIP-1a, and IL-18 demonstrate a concordant peak with inflammation in both PMU and EAU (Fig.  6A) ; MIP-1a had a monophasic peak in both PMU and EAU, but the magnitude of induction was significantly higher in PMU than EAU (P ¼ 0.05) leading to a flattened appearance of the EAU peak. The pattern of IL-17A expression suggests an association with peak inflammation in both models; however, although the association with EAU was significant, in PMU at day 2, there is only a small and nonsignificant increase in PMU IL-17A levels (1.3-fold, P ¼ 0.22). The IL-1a level also demonstrated a statistically nonsignificant peak in PMU at (A) Cytokines with >1.5-fold induction in both PMU and EAU. Interleukin-18 in PMU was only elevated 1.4-fold, but this was significant (P ¼ 0.02) (B) Interleukin-17 was induced 2.1-fold in EAU only (P ¼ 0.01). (C) Interleukin-61a was induced in PMU (1.9-fold, P ¼ 0.11). Significant differences are indicated by *P < 0.05 and **P 0.001. Nonsignificant differences are not indicated. day 2 (1.9-fold, P ¼ 0.11) that was elevated above the EAU peak (1.4-fold above EAU naïve, P ¼ 0.01). However, PMU naïve levels were elevated above EAU naïve levels, which may have contributed to this difference.
DISCUSSION
We describe here the successful application of a wellestablished rabbit model of uveitis to the rat. This model, which we have descriptively named PMU, generates an acute anterior and intermediate uveitis that differs from the wellestablished EAU model in its time course and intensity of ocular inflammation, in its absence of retinal or choroidal involvement, and in its distinct cytokine profile in the inflamed aqueous and vitreous. However, despite these differences, a core group of cytokines that were elevated in both models were identified, suggesting that these might be important mediators of inflammation in multiple forms of uveitis. Animal models of disease are required for the development of new medical therapies, and the use of multiple animal models in preclinical drug development can help improve the likelihood of benefit in human trials. The rabbit version of PMU model has already been used in preclinical testing for therapies that subsequently showed efficacy in human uveitis. 7, 9 However, PMU has not been mechanistically characterized beyond the initial reports in rabbits. 8, 9, 13 We show in the current studies that, in rats, the inflammatory response primarily affects the anterior segment and vitreous with sparing of the retina and choroid. Primed mycobacterial uveitis features substantial macrophage involvement as manifest by the dominance of CD68-positive cells. This finding, as well as the observation of noncaseating granulomas, suggests that PMU may be a model of human conditions such as sarcoidassociated uveitis. Consistent with this, the cytokine profiles observed in rats with PMU were similar to those seen in human sarcoidosis. 16 This suggests that PMU is a good model for granulomatous anterior and intermediate uveitis and may be complementary to the spectrum of posterior segment diseases (such as sympathetic ophthalmia) modeled by EAU.
In this study, we identified cytokines and chemokines that increased in concentration at the peak of inflammation in two uveitis models. In general, cytokine concentrations were higher in EAU than in PMU, reflecting an overall difference in disease severity between the models; at the doses of intravitreal mycobacterium used for PMU in this study, EAU generated a more severe overall inflammatory response than PMU. We expected to find that PMU and EAU would have distinctly different cytokine profiles due to the different mechanisms of uveitis induction in each model (i.e., primarily innate immune response in PMU versus a sustained adaptive response in EAU). Instead, we found many cytokines with increased concentration during peak inflammation in both models, including (in the aqueous) CXCL10, IL-1b, IL-18, and leptin, and (in the vitreous) CXCL10, GRO/KC, and RANTES. Induced cytokines also demonstrated a peak in concentration that coincided with the day of maximum clinical inflammation in both models, supporting the hypothesis that they play a key role in active ocular inflammation (i.e., a cytokine that peaks in expression after peak inflammation is more likely to be involved in resolution of inflammation).
CXCL10 stands out as the chemokine that was consistently and significantly elevated in both the anterior and posterior segments for both uveitis models. In addition, CXCL10 (also known as IP-10) has been identified at high concentrations in the aqueous and vitreous of patients with multiple forms of uveitis, suggesting this may be a common mediator of inflammation in ocular inflammation. [16] [17] [18] [19] [20] CXCL10 is a member of the C-X-C chemokines and a ligand for CXCR3. It is produced from leukocytes, neutrophils, eosinophils, monocytes, and endothelial cells in response to IFN-c and recruits leukocytes to sites of inflammation. 21 The CXCL10/CXCR3 combination plays an important role in the recruitment of autoreactive T cells into sites of Type 1 helper T cell (TH1)-driven inflammation in diseases such as type 1 diabetes, Graves disease, and rheumatoid arthritis. 22 Targeting chemokines is a relatively new area for the treatment of inflammatory diseases, but an antibody directed against CXCL10 (MDX-1100; Medarex, Princeton, NJ, USA) has recently been shown to have efficacy in combination with methotrexate in patients with rheumatoid arthritis. 23, 24 Our data suggest that CXCL10 may also be a good therapeutic target for ocular inflammation.
Leptin was also significantly elevated in the aqueous of both EAU and PMU. Although leptin is best known for its hormonal role in signaling satiety, there is a growing body of evidence linking leptin to autoimmune diseases by inducing TH1 and TH17 T-cell polarization, inhibiting regulatory T-cell proliferation, and influencing dendritic cell maturation. [25] [26] [27] [28] [29] Leptin levels are also increased in the serum of patients with Vogt- Koyanagi-Harada syndrome and Beçhet's disease and in the inflamed aqueous of rats with EIU. [30] [31] [32] The finding of elevated leptin levels in both EAU and PMU suggests that further research into leptin function in ocular inflammation is warranted.
Surprisingly, the cytokine profile in the vitreous differed significantly from that seen in aqueous (despite fluid being freely diffusible between the two chambers). In the vitreous, chemokines such as CXCL10 (IP-10), GRO/KC (CXCL1), and RANTES (CCL5) dominated the inflammatory response. This supports previous studies in EAU that identified marked increases in mRNA expression of CXCL10 and CCL5 in the posterior segment of EAU mouse eyes. 33 CXCL1 is a member of the C-X-C chemokines and is produced by macrophages and neutrophils. In contrast with CXCL10, it is primarily a chemoattractant for neutrophils rather than activated T cells. RANTES or CCL5 is a member of the C-C family of chemokines and is a ligand for CCR5 found on TH1 lymphocytes. 34 CCL5 is expressed in EAU retinas at high levels during inflammation, and the CCR5 receptor is important for T-cell trafficking in EAU. 35, 36 Each of these chemokines has also been identified to play a role in ocular inflammation in humans. CXCL1 in the cornea is required for the neutrophilic infiltrate in recurrent herpes simplex virus (HSV) keratitis 37 and is elevated in the serum of patients with active Beçhet's disease. 38 Both CXCL1 and CXCL10 are elevated in the aqueous of patients with presumed tuberculous uveitis 19 and in multiple forms of noninfectious uveitis. 18 CCL5 levels have shown elevation in patients with intermediate uveitis, 39 but in patients with multiple forms of uveitis, this result was not repeated. 40 Overall, these human studies are consistent with our data and suggests that local levels of CXCL1, CXCL10, and CCL5 are important in ocular inflammation.
Interleukin-17 showed differential expression between PMU and EAU. Interleukin-17 was significantly induced in EAU in both the aqueous and vitreous, but not in PMU. Interleukin-17 is an important mediator of EAU, as treatment with an anti-IL-17 antibody inhibits EAU. 41 Further work will be needed to determine whether IL-17 is necessary for PMU inflammation. However, the absence of significant induction of IL-17 in PMU suggests it has at best a limited role in this form of uveitis. This difference will be important for the preclinical trials of targeted immunotherapy and may help avoid the risk of targeting a model specific mechanism that is not central to the heterogeneous collection of human uveitic diseases. 6 We were surprised that intraocular TNF-a levels were not elevated in either model. 42 A previous study that evaluated the cytokine levels in whole homogenized eyes of rats with EAU identified elevated TNF-a and IFN-c levels. 43 In addition, TNF-a production has been demonstrated in retinal microglia during the induction of EAU, 44 and increased mRNA expression of TNF-a has also been identified in the iris and ciliary body at the peak of EAU inflammation. 45 In the experiments reported here, the retinal structures were separated from the aqueous and vitreous prior to cytokine analysis. Thus, the intraocular fluids may have not have the same distribution of these cytokines as the ocular structural components and may explain our results. In support of this idea, low aqueous levels of TNF-a in patients with active intermediate uveitis and idiopathic anterior uveitis have also been reported. 39, 46 However, high levels of aqueous TNF-a have also been reported. 40 Twenty-seven proinflammatory cytokines were analyzed for induction in the vitreous of EAU eyes. Cytokines are arranged by decreasing fold induction over EAU naïve. Results given as mean MFI 6 SD. Cytokines were considered induced if they demonstrated ‡1.5-fold induction over naïve (bold).
Further refinements of the PMU model would be desirable. Previous work in rabbits has demonstrated that the severity of the inflammatory response can be modulated by varying the concentration and subfraction of H37Ra antigen used in the intravitreal injection. It is likely that optimization of antigen load would have similar effect in small rodents and possible that modulation of antigen load could be used to create models of variable severity. In the rabbit, repeated intraocular injection can simulate recurrent inflammation, 13 whereas repeated injection in rats or mice would be challenging, it is possible, and may allow for a model of relapsing/remitting uveitis. The utility of the PMU model would be enhanced by development and validation of a histologic, imaging, and clinical scoring system, as has been done for EAU. 47, 48 The PMU model shares with the EIU model the generation of innate immune responses in the eye by a pathogen association molecular pattern (PAMP). Endotoxin-induced uveitis is triggered by systemic or local administration of the PAMP lipopolysaccharide (LPS) and is mediated by Toll-like receptor 4 (TLR4). [49] [50] [51] Although LPS is characteristically associated with Gram-negative bacteria, it is possible that some of the inflammation observed in PMU is attributable to this mechanism, as other ligands have also been shown to activate TLR4. 52, 53 However, PMU also features T-and B-cell infiltrates characteristic of adaptive immunity; we hypothesize these are secondary to the immunization with mycobacterial extract prior to injection in the eye. This hypothesis is being tested in ongoing experiments comparing inflammation observed in primed versus unprimed animals following intravitreal tubercular extract injection. Similarly, further studies are necessary to determine to what extent the observed immune responses are specific to tubercular antigen compared with other potential stimuli such as other bacterial extracts or viral proteins. The observation that the fellow (uninjected) eye remains free of measurable inflammation in PMU, however, suggests that the systemic priming event has not triggered a persistent EIU condition (as this would likely be bilateral). Primed mycobacterial uveitis thus likely represents a unique mixed-mechanism model incorporating both innate and adaptive arms of immune response in the eye.
The last decade has seen a critical reevaluation of the role of innate immunity in the genesis of chronic inflammatory diseases, particularly diseases classified as autoinflammatory. [54] [55] [56] Sarcoidosis, Beçhet's disease, and HLA-B27-associated uveitis have features consistent with autoinflammatory conditions. 57 Sarcoidosis in particular has been increasingly associated with a chronic mixed innate and acquired immune response to mycobacterial proteins, even in the absence of productive infection. 58 Thus, with the use of mycobacterial antigens and a potential role of both arms of the immune system to contribute to ocular inflammation, the PMU model may prove to be a useful model to study autoinflammatory forms of uveitis such as sarcoidosis and to compliment the spectrum of autoimmune forms of uveitis modeled by EAU and EIU.
